Background To compare the efficacy and toxicity of anti-programmed cell death receptor 1 (PD-1) and antiprogrammed cell death ligand 1 (PD-L1) versus docetaxel in previously treated patients with advanced non-small cell lung cancer (NSCLC). Materials and methods Phase III randomised clinical trials (RCTs) were identified after systematic review of databases and conference proceedings. A random-effect model was used to determine the pooled HR for overall survival (OS), progression-free survival (PFS) and duration of response. The pooled OR for overall response and treatment-related side effects were calculated using the inverse-variance method. Heterogeneity was measured using the τ 2 and I 2 statistics. Results After the systematic review, we included four phase III RCTs (n=2737) in this meta-analysis. The use of anti-PD-1/anti-PD-L1 agents (atezolizumab, nivolumab and pembrolizumab) was associated with better OS in comparison with docetaxel alone (HR: 0.69; 95% CI 0.63 to 0.75; p<0.00001). Similarly, the PFS and duration of response was significantly longer for patients receiving immunotherapy (HR: 0.85; 95% CI 0.75 to 0.96; p=0.007 and HR:0.32; 95% CI 0.24 to 0.43; p<0.00001, respectively) versus single agent chemotherapy. The overall response rate was also higher for patients who received any anti-PD-1/anti-PD-L1 therapy in comparison with docetaxel (OR: 1.77; 95% CI 1.26 to 2.50; p=0.001). Regarding treatment-related side effects grade 3 or higher, patients who received immunotherapy experienced less events than patients allocated to docetaxel (OR: 0.19; 95% CI 0.12 to 0.30; p<0.00001) Conclusion The use of anti-PD-1/anti-PD-L1 therapy in patients with progressive advanced NSCLC is significantly better than the use of docetaxel in terms of OS, PFS, duration of response and overall response rate.
IntRoduCtIon
Lung cancer is the leading cause of cancer-related death worldwide, estimated to be responsible of 1.59 millions deaths in 2012. 1 2 Non-small cell lung cancer (NSCLC) accounts for approximately 85% of cases, and the majority of patients are diagnosed with locally advanced or metastatic disease. 3 Despite the significant therapeutic advances with the introduction of molecularly targeted therapies, antiangiogenics and new chemotherapeutic agents, the prognosis of the majority of these patients is still poor. 1 Relapses are frequent after first-line chemotherapy or molecular-targeted agents against epidermal growth factor receptor (EGFR) or echinoderm microtubule-associated protein-like 4 and anaplastic lymphoma kinase fusion gene (EML4-alk), and most patients will not experience sustained disease control with second-line agents. 4 For relapsing patients, docetaxel was approved as a second-line treatment based on two phase III trials. blocking coinhibitory signals of cytotoxic T-cells, also known as immune checkpoints. 6 The programmed cell death receptor 1 (PD-1)/programmed cell death ligand 1 (PD-L1) interaction inhibits T-cell response, promotes differentiation of CD4 T cells into T regulatory cells, induces apoptosis of tumour-specific T cells and causes T cell resistance. 6 Besides, cancer cells can also change the tumour microenvironment to induce an immunosuppressive state through expression of inhibitory cytokines and recruitment of regulatory T lymphocytes and myeloid-derived suppressor cells. 7 Antibodies against PD-1 (nivolumab and pembrolizumab) and PD-L1 (atezolizumab) have demonstrated activity against chemotherapy-refractory NSCLC tumours in several phase III trials. [8] [9] [10] [11] These recent trials have questioned the paradigm of treatment for previously treated metastatic NSCLC. For this reason, we aimed to determine the overall efficacy and safety of these agents versus docetaxel.
MateRIals and MetHods search strategy and study selection
The Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) statement for reporting systematic reviews was followed (checklist available as online supplementary file 1). 12 In case of reports of the same trial, we included only the most recent results (corresponding to longer follow-up). Then, the authors examined full-text articles of potential eligible studies according to the eligibility criteria. Disagreements were resolved in discussion with another author (LC-R). Data extraction tables were designed specifically for this review to aid data collection. Data from relevant studies were extracted and included information on trial design, participants, interventions and outcomes.
eligibility criteria
We decided to include published and unpublished phase III randomised controlled trials (RCTs) that enrolled patients with advanced non-small cell lung cancer (NSCLC). We included the reported comparisons of chemotherapy versus any anti-PD-1/anti-PD-L1 agent used as monotherapy. We excluded trials with incomplete data and those studies published in non-English languages. In case of finding a trial with more than two comparisons, we decided to count each intervention separately.
outcomes
The primary outcome was overall survival (OS), calculated from the date of randomisation to the date of death. Secondary outcomes included: (1) progression-free survival (PFS): defined by the RECIST 1.1. criteria 13 ; (2) objective response rate: defined as the percentage of patients with complete or partial response as per RECIST 1.1; and (3) duration of response, defined as time from first evidence of partial and complete response until disease progression or death.
We also evaluated the safety of each drug in all patients who received at least one dose of the study treatment. Adverse drug reactions were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0.
Quality assessment
The risk of bias was evaluated by three reviewers using the Cochrane Collaboration Tool, 12 including: sufficient sequence generation, adequate allocation concealment, blinding, incomplete outcome data addressed and freedom from selective reporting. Publication bias was visually examined in a funnel plot. The risk of bias was categorised as 'low risk', 'high risk' or 'unclear risk'. data collection and statistical analysis For time-to-event outcomes, the treatment efficacy was measured using the HR with its corresponding 95% CI. For the association of the risk of overall response, we employed the OR and its corresponding 95% CI. We used a random-effect model for the efficacy measures according to the DerSimonian-Laird method. The pooled HR and pooled risk ratio were calculated according to the inverse-variance method, as described by Parmar et al. 14 Heterogeneity was determined by the τ 2 and I 2 statistics. Data analysis was performed using RevMan V.5.3 software.
Results study selection
Through the search strategy, we identified four trials [8] [9] [10] [11] that enrolled 2737 patients with progressive disease for advanced non-small cell lung cancer who were treated with an anti-PD-1/anti-PD-L1 antibody or docetaxel (the PRISMA flow diagram for study inclusion is available as online supplementary file S1).
description of studies and patients Table 1 resumes the main characteristics of each trial. One trial explored the effect of pembrolizumab in two different doses. Therefore, we show the results for each specific dose. The primary outcome was OS in all trials. Of note, the majority of patients had wild-type EGFR non-squamous NSCLC. All patients had measurable disease per RECIST 1.1 criteria. figure 1D ).
treatment-related side effects
Regarding adverse drug reactions grade 3 or higher, use of docetaxel significantly increased the burden of therapy, with 42.2% of patients experiencing any treatment-related side effect, particularly neutropaenia and febrile neutropaenia (figure 2). Figure 3 shows the OS assessment according to EGFR mutation status and PD-L1 expression. We found heterogeneity between these two groups. Patients with wild-type EGFR were more likely to obtain an OS benefit from immunotherapy in contrast to patients with any EGFR mutation (p=0.005). Similarly, patients with high PD-L1 expression on immunohistochemistry had better OS than their counterparts (p=0.0001). Of note, the definition of high PD-L1 expression varied in each trial.
subgroup analyses

Risk of bias
The risk of bias assessment is presented as online supplementary file S2. All included trials were open-label with high risk of performance and detection bias. Selection bias was likely to occur in one trial due to unmask allocation. 9 We did not detect evidence of substantial publication bias in the funnel plot analysis (online supplementary file S3). 9 Herbst et al (KEYNOTE-010) 8 Borghaei et al (CheckMate 057) 11 Brahmer et al (CheckMate 017) 10 Overall response rate (n (% dIsCussIon This systematic review and meta-analysis resumes the available data from published phase III RCT regarding the OS benefit of anti-PD-1/anti-PD-L1 agents versus docetaxel in patients with progressive advanced NSCLC. In summary, patients receiving these checkpoint inhibitors live longer and had better responses than patients allocated to docetaxel. Although this meta-analysis includes three different drugs with similar mechanism of action (atezolizumab, nivolumab and pembrolizumab), we did not detect any significant heterogeneity in the OS assessment. However, these trials share some differences in the inclusion criteria. Specifically, the KEYNOTE-010 trial included patients with a cut-off of at least 1% PD-L1 positive staining. 8 In contrast, use of atezolizumab and nivolumab was associated with an OS improvement regardless of the PD-L1 status. [9] [10] [11] Besides, the OAK Trial allowed the inclusion of patients with PD-L1 expression on tumour cells or tumour-infiltrating immune cells. 9 It has been previously demonstrated that PD-L1 is expressed in the cytoplasmic membrane of T-lymphocytes, macrophages and dendritic cells, and this expression may confer prognostic information. 15 Furthermore, PD-L1 determination was different in each trial using different antibody clones and detection methods. Recent studies have determined that PD-L1 expression in NSCLC can Figure 3 Subgroup analysis of OS according to EGFR mutation status and PD-L1 expression. EGFR, epidermal growth factor receptor; OS, overall survival; PD-L1, programmed cell death ligand 1.
be discordant due to different antibody affinities, limited specificity or distinct epitopes. 16 These different methods could contribute to some of the heterogeneity found in our analysis. Still, efforts have been done to determine if a specific antibody confers a difference in the selection of any specific checkpoint inhibitor. 17 Our findings confirm previous results showing that patients with high expression of PD-1/PD-L1 on immunohistochemistry derived the greatest benefit from immunotherapy in terms of OS. For example, the POPLAR study showed that the increased improvement in OS was associated with increased PD-L1 expression with use of atezolizumab in patients with previously treated NSCLC. 18 This association between PD-L1 expression and response to therapy has been described in several clinical trials, including NSCLC and patients with melanoma, 19 renal cell carcinoma, 20 bladder carcinoma 21 and gastric cancer. 22 However, some other trials have not shown consistently shown between PD-L1 expression and the efficacy of checkpoint inhibitors 23 24 Although the PD-1/PD-L1 expression seems to be a useful biomarker, there are multiple challenges regarding its use as a predictive marker of immunotherapy efficacy. First, the expression of these proteins is a dynamic and heterogeneous process. 25 Besides, previous studies have described some discrepancies in the expression of these proteins between the primary tumour and the metastatic site. 26 Furthermore, other inflammatory cells can also express these proteins and may alter the pathologist's interpretation. 27 Other authors argue that different patterns of staining confer different prognosis. 26 Despite these controversies, our data support current evidence that PD-L1 expression could be a useful biomarker to predict better responses to PD-1/PD-L1 inhibitors.
Our findings also showed that patients with EGFR wild-type NSCLC derived better OS improvement with anti-PD-1/anti-PD-L1 than tumours harbouring common EGFR mutations. Of note, the total proportion of patients with EGFR mutations was low (11.2%), and we cannot exclude the possibility of a type II error due to the small size of this particular subgroup in the whole sample. Besides, some of the included RCTs did not assess the EGFR status in the recruited patients. Despite these caveats, our findings are in line with previous studies showing that EGFR-mutated NSCLC has low mutation burden in comparison with wild-type EGFR tumours, 28 and this low mutation burden can relate to a decreased sensitivity to checkpoint inhibitors. The mechanisms behind this association may be related to the overexpression of cytoplasmic neoantigens formed as consequence of somatic mutations that can be recognised by effector T-cells. 29 30 Further analyses are warranted to determine the efficacy of immunotherapy in patients with common EGFR mutations as well as in patients harbouring ALK rearrangements.
The assessment of the secondary outcomes of this meta-analysis also favoured the immunotherapy arm in terms of PFS, overall response, duration of response and fewer side effects than chemotherapy with docetaxel. The overall HR for PFS was mainly derived from data from the CheckMate 017 Trial that showed a significant benefit in terms of progression for patients who received nivolumab in squamous NSCLC. 10 Since treatment with checkpoint inhibitors was allowed beyond disease progression in all included trials, we considered that this finding is not clinically relevant.
However, we detected some heterogeneity between trials in the assessment of these secondary outcomes. Some sources of heterogeneity can be attributed to differences in the proportion of patients with PD-1/ PD-L1 expression across the included trials. As previously described, the rate of response is highly dependent on PD-L1 positivity. 23 24 Regarding side effects, trials assessing the efficacy of nivolumab in squamous and non-squamous NSCLC reported less grade 3 or higher toxicity (from 7% to 10%) in the experimental arm than trials using pembrolizumab or atezolizumab. Conversely, the included RCTs with nivolumab reported more toxicity from docetaxel use than the two remaining trials. Therefore, we suggest that the OR of treatment-related side effect is quite low among trials using nivolumab in comparison with RCTs using pembrolizumab and atezolizumab. However, the rate of discontinuation was very similar among the included trials, and the pattern of side effects was very similar among anti PD-1/PD-L1 therapies.
Our findings must be interpreted cautiously since all included studies have high risk of bias, especially performance and detection bias. These systematic errors could overestimate or underestimate the association measures of each trial. Besides, the aforementioned heterogeneity found in the secondary outcomes deserves further study to determine if there are efficacy differences among atezolizumab, nivolumab and pembrolizumab. However, our findings confirm the class effect of anti-PD-1/anti-PD-L1 therapy as a mainstay of treatment for patients with progressive advanced NSCLC.
ConClusIons
In conclusion, our findings show an OS improvement of anti-PD-1/anti-PD-L1 therapy versus docetaxel in previously treated advanced NSCLC. PFS, overall response and duration of response also favoured the use of checkpoint inhibitors when compared with chemotherapy. In terms of side effects, even though the toxicity profile is different between checkpoint inhibitors and chemotherapy, grade 3 or higher adverse events were more likely seen with docetaxel .
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